I. INTRODUCTION
The CP violation in the K and B d mesons has been well explained within the framework of the standard model (SM). There is one phase, which is a unique source of the CP violation, so called Kobayashi-Maskawa (KM) phase [1] , in the quark sector with three families. Until now, the KM phase has successfully described all data related with the CP violation of K and B d systems.
However, there could be new sources of the CP violation if the SM is extended to the supersymmetric (SUSY) models. The CP violating phases appear in soft scalar mass matrices. These contribute to flavor changing neutral currents (FCNC) with the CP violation. Therefore, we should examine carefully CP violating phenomena in the quark sector.
The Tevatron experiments have searched possible effect of the CP violation in the B meson system [2, 3] . Recently, the DØ Collaboration reported the interesting result of the like-sign dimuon charge asymmetry A b sl (DØ) = −(9.57 ± 2.51 ± 1.46) × 10 −3 [3] . This result is larger than the SM prediction A Actually, new physics have been discussed to explain the anomalous CP violation in several approaches. As a possibility, new physics contribute to decay width of the B s meson [5] - [12] . Another possibility is to assume new physics does not give additional contribution to the decay width but the B s − B s mixing [13] - [26] . This typical model is the general SUSY model with gluino-mediated flavor and CP violation [14-18, 21, 22] . Relevant mass insertion (MI) parameters and/or squark mass spectrum can explain the anomalous CP violation in the B s system. Since the squark flavor mixing is restricted in K and B d meson systems, the systematic analyses are necessary to clarify the possible effect of squarks.
In this paper, we study the flavor and CP violation within the framework of the non-Abelian discrete symmetry [27] of quark and lepton flavors with SUSY. Then, the flavor symmetry controls the squark and slepton mass matrices as well as the quark and lepton ones. For example, the predicted squark mass matrices reflect structures of the quark mass matrices. Therefore, squark mass matrices provide us an important test for the flavor symmetry.
The non-Abelian discrete symmetry of flavors has been studied intensively in the quark and lepton sectors. Actually, the recent neutrino data analyses [28] - [31] indicate the tri-bimaximal mixing [32] - [35] , which has been at first understood based on the non-Abelian finite group A 4 [36] [37] [38] [39] [40] . Until now, much progress has been made in the theoretical and phenomenological analysis of A 4 flavor model [41] - [111] .
An attractive candidate of the flavor symmetry is the S 4 group, which was successful to explain both quark and lepton mixing [112] - [149] . Especially, S 4 flavor models to unify quarks and leptons have been proposed in the framework of the SU(5) SUSY GUT [118] [119] [120] [121] , SO(10) SUSY GUT [122] [123] [124] , and the Pati-Salam SUSY GUT [125, 126] . These unified models seem to explain both mixing of quarks and leptons.
Some of us have studied S 4 flavor model [119] , which gives the proper quark flavor mixing angles as well as the tri-bimaximal mixing of neutrino flavors. Especially, the Cabibbo angle is predicted to be 15
• due to S 4 Clebsch-Gordan coefficients. Including the next-to-leading corrections of the S 4 symmetry, the predicted Cabibbo angle is completely consistent with the observed one. We give the squark mass matrices in our S 4 flavor model by considering the gravity mediation within the framework of the supergravity theory. We estimate the SUSY breaking in the squark mass matrices by taking account of the next-to-leading S 4 invariant mass operators as well as the slepton mass matrices. Then, we can predict the CP violation in the B s meson taking account of the constraints of the CP violation of K and B d mesons. We also discuss the squark effect on b → sγ decay and the chromo-electric dipole moment (cEDM) .
Since our model is based on SU(5) SUSY GUT, we can predict the lepton flavor violation (LFV), e.g., µ → eγ and τ → µγ processes [147] . In particular, the τ → µγ decay ratio reflects the magnitude of the CP violation of the B s meson.
This paper is organized as follows: In section 2, we discuss the possibility of new physics in the framework of the CP violation of the neutral B system. In section 3, we present briefly our S 4 flavor model of quarks and leptons in SU(5) SUSY GUT, and present the squark and slepton mass matrices. In section 4, we discuss numerically the CP violation of the B s meson with constraints of flavor and CP violations of K and B d mesons. We also discuss the EDM of the electron, cEDM of strange quark and LFV. Section 5 is devoted to the summary. In appendices, we present relevant formulae in order to estimate the flavor violation and the CP violation.
II. B s −B s MIXING
In this section, we briefly discuss the theory and experimental results of the CP violation of the neutral B meson system. The effective Hamiltonian H q eff (q = d, s) of B q −B q system is given in terms of the dispersive (absorptive) part M q (Γ q ) as
where the off-diagonal elements M 
where we have used ∆Γ q ≪ ∆M q . The "wrong-sign" charge asymmetry a q sl of B q → µ − X decay is defined as
The like-sign dimuon charge asymmetry A b sl is defined and related with a q sl as [150] A
where
is the number of events of bb → µ ± µ ± X. The SM prediction of A b sl is given as [4] A b sl (SM) = (−2.3
which is calculated from [4]
Recently, the DØ collaboration reported A b sl with 6.1 fb −1 data set as [3] A b sl (DØ) = −(9.57 ± 2.51 ± 1.46) × 10 −3 ,
which shows 3.2 σ deviation from the SM prediction of Eq.(5). On the other hand, the result by the CDF collaboration with 1.6 fb
is consistent with the SM prediction while it has large errors. Combining these measurements, one can obtain
which is still 3 σ away from the SM prediction. The DØ Collaboration have performed the direct measurement of a 
is required to obtain A b sl (DØ). The central value of the required |a s sl | is about three orders of magnitude larger than the SM prediction a s sl (SM). Combining all results, one can obtain the average value
which is still 2.5 σ away from the SM prediction a s sl (SM). Therefore, if the DØ result is confirmed, it is a promising hint of new physics (NP) beyond the SM.
The contribution of NP to the dispersive part of the Hamiltonian is parameterized as
where the SM contribution M q, SM 12 is given by with parameters listed in Table 1 . Using these parameters, the mass difference of B q meson, ∆M q , is given by
Since the SM contribution to the absorptive part Γ . In this case, the wrong-sign charge asymmetry a s sl is written as
Taking the experimental value ∆M exp s into account, one finds that |∆ s | is strongly constrained in the region |∆ s | = 0.92 ± 0.32 [4] . Therefore, unphysical condition sin(φ s,SM + φ ∆s ) = −2.56 ± 1.16 is required to obtain 1 σ range of the charge asymmetry (See also [156] ). Also as discussed in Ref [157] , by using the SM prediction of Γ 
where the sign of ∆Γ s is still undetermined, and positive (negative) sign corresponds to the first (second) region of β (15) since there must exist theoretical uncertainties. In the (h q , σ q ) parametrization of NP, the best fit values of (h s , σ s ) are obtained as [162] (h s , σ s ) ≃ (0.5, 120
• ), (1.8, 100
by taking ∆M q , ∆Γ q , S ψK and S J/ψφ into account, with varying |Γ s 12 | in the range 0 − 0.3ps −1 . In that paper, one can read that the region of h d < ∼ h s is favored as seen in Refs. [14] [15] [16] .
However in ordinary SUSY models, gluino-squark box diagrams do not give additional contributions to Γ s 12 since such diagrams do not generate additional decay modes of bottom quark. Therefore as the other possibility, constraint for ∆M q is relaxed in Refs. [17, 18] . In those papers, they consider models that NP does not give additional contributions to Γ [18] . See also Refs. [20-22, 24, 25, 157] for other possibilities. In this paper, we consider the NP contribution to B s −B s mixing by gluino-squark box diagrams in a SU(5) SUSY GUT model with S 4 flavor symmetry. As shall be discussed in the next section, the soft SUSY breaking terms and related MI parameters (δ 13 , respectively, should also be taken into account. The CP violation in B s meson system is related to cEDM of the strange quark d C s as well. Moreover, the leptonic processes such as τ → µγ affected by (δ AB ℓ ) 23 should also be taken into account due to SU(5) GUT relation.
Taking the above processes into account, we assume the following conditions in our numerical calculation: (i) the meson mass differences satisfy
(ii) cEDM of the strange quark is constrained by the neutron EDM as [163, 164] 
(iii) the NP contribution to the branching ratio (BR) of b → sγ is constrained as While the upper bounds of LFV decay processes ℓ i → ℓ j γ and the electron EDM are given by [165, 166] 
we do not take these bounds into account in the numerical calculation below. Instead, in the allowed parameter region of our model which can explain the like-sign charge asymmetry, we will obtain the predictions for LFV processes. We perform numerical analysis in the section IV after introducing the S 4 flavor model in the next section.
III. THE S 4 FLAVOR MODEL
We briefly review S 4 flavor model of quarks and leptons, which was proposed in [119] . As the model is based on SU(5) SUSY GUT, it gives sfermion mass matrices as well as quark and lepton mass matrices. (5), H 5 , H5, and H 45 are assigned to 1 of S 4 . In order to obtain desired mass matrices, we introduce SU(5) gauge singlets χ i , so called flavons, which couple to quarks and leptons.
The Z 4 symmetry is added to obtain relevant couplings. Further, the Froggatt-Nielsen mechanism [167] is introduced to get the natural hierarchy among quark and lepton masses, as an additional U(1) F N flavor symmetry, where Θ denotes the Froggatt-Nielsen flavon. The particle assignments of SU(5), S 4 , Z 4 , and U(1) F N are presented in Table II .
The couplings of flavons with fermions are restricted as follows. At the leading order, (χ 3 , χ 4 ) are coupled with the right-handed Majorana neutrino sector, (χ 5 , χ 6 , χ 7 ) are coupled with the Dirac neutrino sector, (χ 8 , χ 9 , χ 10 ) and (χ 11 , χ 12 , χ 13 ) are coupled with the charged lepton and down-type quark sectors. At the next-to-leading order, (χ 1 , χ 2 ) are coupled with the up-type quark sector, and χ 14 contributes to the charged lepton and down-type quark sectors, and then the mass ratio of the electron and down quark is reproduced properly.
Our model predicts the quark mixing as well as the tri-bimaximal mixing of leptons. Especially, the Cabibbo angle is predicted to be 15
• at the leading order. The model is consistent with the observed CKM mixing angles and CP violation as well as the non-vanishing U e3 of the neutrino flavor mixing.
Let us write down the superpotential respecting S 4 , Z 4 and U(1) F N symmetries in terms of the S 4 cutoff scale Λ, and the U(1) F N cutoff scale Λ. In our calculation, both cutoff scales are taken as the GUT scale which is around 10 16 GeV. The SU(5) invariant superpotential of the Yukawa sector up to the linear terms of χ i (i = 1, · · · , 13) is given as
, y 1 , and y 2 are Yukawa couplings of order one, and M is the right-handed Majorana mass, which is taken to be 10 12 GeV.
In order to predict the desired quark and lepton mass matrices, we require vacuum alignments for the vacuum expectation values (VEV's) of flavons. According to the potential analysis, which was presented in [119] , we have conditions of VEV's to realize the potential minimum (V = 0) as follows:
where these magnitudes are given in arbitrary units. Hereafter, we suppose these gauge-singlet scalars develop VEV's by denoting χ i = a i Λ.
Denoting Higgs doublets as h u and h d , we take VEV's of following scalars by
which are supposed to be real. We define λ ≡ θ/Λ to describe the Froggatt-Nielsen mechanism 4 . Now, we can write down quark and lepton mass matrices by using the S 4 multiplication rule in Appendix A. The down-type quark mass matrix at the leading order is given as
Then, we have
where we denoteȳ 1 v d = y 1 v 45 . This matrix can be diagonalized by the orthogonal matrix
• cos 60
The down-type quark masses are given as
The down quark mass vanishes, however tiny masses appear at the next-to-leading order. The relevant superpotential of down sector at the next-to-leading order is given as
which gives the correction terms in the down-type quark mass matrix. The down-type quark mass matrix including the next-to-leading order is
where the explicit forms ofǭ ij 's are given in Appendix B, and m s and m b are given in Eq. (28) . This mass matrix can be diagonalized by
where mixing matrices for left-hand U
(1) d
and for right-hand V d are estimated as
whereã denotes the typical value of the square root of the relevant sum of a i a j 's as discussed in the next subsection. We neglect CP violating phases then mixing angles θ 
On the other hand, the superpotential of up sector at the next-to-leading order is
Then the mass matrix becomes
This symmetric mass matrix is diagonalized by the unitary matrix U u as
• cos 45
where r c = m c /(m c + m t ) and r t = m t /(m c + m t ). Therefore, the CKM matrix V can be written as
5 The renormalization group effect for the CKM matrix is small so that the matrix given in the text can be regarded as the one at the electroweak scale.
where the phase ρ is an arbitrary parameter originating from complex Yukawa couplings. At the leading order, the Cabibbo angle is derived as 60
• and it can be naturally fitted to the observed value by including the next-to-leading order as follows:
The V cb and V ub mixing elements are expressed as
which are consistent with observed values. We can also predict mass matrices of the charged leptons and neutrinos, which give the tribimaximal mixing of leptons. Details are shown in Appendix C.
Since mass eigenvalues of quarks and leptons are give in terms of a i = χ i /Λ, we can estimate a i by putting the observed quark and lepton masses. These are given as
where masses of quarks and leptons are given at the GUT scale, and the light neutrino masses m ν 1,2,3 are given in the Appendix C. Hereafter, we take λ = 0.1 in our calculations.
B. Squark and slepton mass matrices
Here we study SUSY breaking terms in the framework of S 4 × Z 4 × U(1) F N to derive squark and slepton mass matrices. We consider the gravity mediation within the framework of the supergravity theory. We assume that non-vanishing F -terms of gauge and flavor singlet (moduli) fields Z and gauge singlet fields χ i (i = 1, · · · , 14) contribute to the SUSY breaking. Their F -components are written as
where M p is the Planck mass, W is the superpotential, K denotes the Kähler potential, KĪ J denotes second derivatives by fields, i.e. KĪ J = ∂Ī ∂ J K and KĪ J is its inverse. Here the fields Φ k correspond to the moduli fields Z and gauge singlet fields χ i . The VEV's of
, where m 3/2 denotes the gravitino mass, which is obtained as
First, let us study soft scalar masses. Within the framework of the supergravity theory, the soft scalar mass squared is obtained as [168] 
The invariance under the S 4 × Z 4 × U(1) F N flavor symmetry as well as the gauge invariance requires the following form of the Kähler potential as
at the lowest level, where Z (5) (Φ) and Z
(1),(2) (Φ) are arbitrary functions of the singlet fields Φ. By use of Eq. (42) 
That is, three right-handed down-type squark and left-handed slepton masses are degenerate, and first two generations of other sectors are degenerate. These predictions would be obvious because the three generations of the F ⊂ (d c , L) fields form a triplet of S 4 , and the T ⊂ (Q, u c , e c ) fields form a doublet and a singlet of S 4 . These predictions hold exactly before S 4 × Z 4 × U(1) F N is broken, but its breaking gives next-to-leading terms in the scalar mass matrices. Next, we study effects due to S 4 × Z 4 × U(1) F N breaking by χ i . That is, we estimate corrections to the Kähler potential including χ i . Since (T 1 , T 2 ) are assigned to 2 and its conjugate representation is itself 2. Similarly, (F 1 , F 2 , F 3 ) are assigned to 3 and its conjugation is 3. Therefore, for the F 1,2,3 fields, higher dimensional terms are given as
For example, higher dimensional terms including (χ 1 , χ 2 ) and (χ 5 , χ 6 , χ 7 ) are explicitly written as
When we take into account corrections from all χ i χ * j to the Kähler potential, the soft scalar masses squared for the F 1,2,3 fields have the following corrections,
where k F is a parameter of order one, andã 2 F k (k = 1, 2, 3) are linear combinations of a i a j 's. For the T 1,2,3 fields, higher dimensional terms are given as
In the same way, the T 1,2,3 scalar mass matrix can be written as
where k T is a complex parameter whose magnitude is of order one, and it is the only new source of the CP violation in our model. The parametersã 2 T ij are linear combinations of a k a ℓ 's. In numerical analysis, we use the parameter ∆a L which is given by ∆a L = m
In order to estimate the magnitude of FCNC phenomena, we move to the super-CKM basis by diagonalizing quark and lepton mass matrices including next-to-leading terms. For the left-handed down-type squark and slepton, we get
and for the right-handed down-type squark and slepton as (m
where the mixing matrices V E and U E are given in Eq. (C11) in Appendix C.
Let us study scalar trilinear couplings, i.e. the so called A-terms. The A-terms among left-handed and right-handed squarks (sleptons) and Higgs scalar fields are obtained in the gravity mediation as [168] h
and K H K denotes the Kähler metric of H K . In addition, effective Yukawa couplings of the down-type quarkỹ IJK are written as
then we have
By use of lowest level of the Kähler potential, we estimate h
where we assume A
). Furthermore, we should take into account next-to-leading terms of the Kähler potential including χ i . These correction terms appear all entries so that their magnitudes are suppressed in O(ã) compared with the leading term. Then, we obtain (m
whereã 2 LRij are linear combinations of a k a ℓ 's, and c 1 and c 2 are of order one parameters. Moving to the super-CKM basis, we have
Similarly, for the charged lepton,
C. Renormalization group effect
In the framework of the supergravity, soft masses for all scalar particles have the common scale denoted by m SUSY , and gauginos also have the common scale m 1/2 . Therefore, at the GUT scale m GUT , we take
Effects of the renormalization group running lead at the scale m W to following masses for gauginos,
Taking into account the renormalization group effect [169] on the average mass scale in m 
For Yukawa couplings, the b − τ unification is realized at the leading order in our model, however, the b−τ unification is deviated when we include the next-to-leading order mass operators due to terms including H 45 , see Ref. [147] for the detail. In that paper, we have calculated the renormalization group equations and observed fermion masses at the weak scale can be obtained when tan β is larger than two. Hereafter, we take tan β = 3 on the numerical analysis.
IV. NUMERICAL ANALYSIS
In this section, we perform numerical analysis to show that the S 4 flavor model presented in the previous section can explain the like-sign charge asymmetry in the B s −B s system. In order for this calculation, we first define the MI parameters for down-type squarks δ 
where mq and ml are average squark and slepton masses with the values given below.
In the numerical analysis, we fix the following parameters m 3/2 = 430 GeV, mq = 880 GeV, ml = 520 GeV,
which are derived from the universal relation at the GUT scale
by through the renormalization group effect discussed in the section III-C. This universal value is taken to be consistent with the lower bound of the gluino mass, which has been reported recently at Atlas Collaboration of LHC [159] [160] [161] . For the other parameters, we assume the following regions:
with tan β = 3, c 1,2 = 1, and k F = 1. In Eq. (66), the number of left-handed and right-handed sides in braces denote the minimal and maximal values, respectively. In our calculation, we neglect the diagonal elements of scalar massesã F (1,2,3) andã T (11, 22, 33) . The leading contribution to the parameters a in the soft-terms are a 1 asã LRij ≃ √ a 1 a 5 andã T 12 ≃ a 1 . As given in Appendix D, the SUSY contribution to M s,SU SY 12
is estimated as 
where in the last approximation of each expression, we have neglected the first term proportional to θ 
for x ≃ 1.3, (δ First we discuss the allowed regions of the parameters (
where the MI parameters (δ LL d ) ij reflect the flavor symmetry, while the factors (27 − i25) and (1.7 + i0.06) do not. The ratio of (27−i25)/(1.7+i0.06) is related to the CKM elements as (27− 
2 . We obtain the ratio of h d and h s as
Therefore, the fact that the region h d ≃ h s is favored reflects the flavor structure of the S 4 flavor model. The CP violation phase φ s is given by
with neglecting the SM contribution. The CP phase sin φ s is bounded as | sin φ s | < ∼ h s for h s < 1, and has the negatively-maximal value sin φ s ≃ −h s at σ s ≃ 120
• . This corresponds to the best-fit value (h s , σ s ) = (0.5, 120
• ) of Eq.(16) [162] . sl . This will be a good test for our S 4 flavor model. Since our model is based on the SU(5) GUT, above contributions in the quark sector affect to the lepton sector. Therefore, sleptons contribute to the LFV processes and EDM of the electron [171, 172] , in which the experimental measurements give the upper bounds [173] [174] [175] . The Fig.4 shows the relation of BR(µ → eγ) and the electron EDM. Within the MI parameters, (δ RR e ) ij ∼ (δ process. As for the electron EDM, the terms with one small MI parameters dominates. The largest contributions are approximately estimated as
|d e /e| ≃ α 1 4π
The value of |(δ 
and similar for τ → eγ decay. Therefore for large µ term, τ → µγ can be close to present upper bound given in Eq. (21) . By using the expression Eqs. (69) and (70), we obtain the relation of BR(τ → µγ) and BR(τ → eγ) depending on the Cabibbo angle λ c ≃ 0.22 as follows:
Therefore we conclude that there exist the parameter region which can explain the like-sign dimuon asymmetry A b sl in the S 4 flavor model, and in this case we predict that the LFV τ → µγ decay can be so large that future experiments will reach, and the ratio of LFV of τ decays, τ → eγ and τ → µγ, depends on the Cabibbo angle λ c . In this paper we have considered an SU(5) SUSY GUT with S 4 flavor symmetry. In this model, the Cabibbo angle, λ c ∼ sin 15
• , of the quark sector is given by a difference of 45
• from up sector and 60
• from down sector due to the Clebsch-Gordan coefficients at the leading order. As for the lepton sector, the tri-bimaximal form is generated in neutrino sector. These are consequences of the S 4 flavor symmetry. Since the matter multiplet T (10) and F (5) are embedded into 2 + 1 and 3 of the S 4 group, respectively, the scalar masses of right-handed down-type squark and left-handed slepton are degenerated at the leading order, while those of T 1,2,3 fields are degenerated in the first two generations. Moreover for scalar mass matrix of T 1,2,3 fields, the relation (m 2 T ) 13 = (m 2 T ) 23 ∝ k T a 1 holds due to the S 4 symmetry. The factor k T a 1 in the scalar mass matrix is assumed to be the only additional complex parameter in our model, which is responsible for the CP violation in the neutral B s meson system via gluino-squark box diagrams. As a consequence, the mass-insertion parameters (δ LL d ) 13 and (δ LL d ) 23 have approximately the structure of V us k T a 1 and V ud k T a 1 , respectively. We have shown that the like-sign charge asymmetry A b sl is in the 2σ range of the combined result of DØ and CDF measurements. Since the relation between two CP phases sin φ d ≃ sin φ s holds due to S 4 flavor symmetry, and it can be large, we obtain large wrong-sign and like-sign asymmetry: |a , we have two predictions in the leptonic processes: (i) Both BR(µ → eγ) and the electron EDM are close to the present upper bound. Therefore, the MEG experiment [173] will be a good test of our model.
(ii) The LFV τ decays, τ → µγ and τ → eγ, are related to each other via the Cabibbo angle λ c :
The multiplication rule depends on the basis. We present the multiplication rule, which is used in this paper:
More details are shown in the review [27] .
Appendix B: Next-to-leading order
Parameters appeared in the down-type quark mass matrix with next-to-leading order areǭ ij . These are explicitly written as
Appendix C: Lepton sector
The mass matrix of charged lepton becomes
then, masses are given as
In the same way, the right-handed Majorana mass matrix of neutrinos is given by
and the Dirac mass matrix of neutrinos is c a +
It gives the tri-bimaximal mixing matrix U tri-bi and mass eigenvalues as follows:
The next-to-leading terms of the superpotential are important to predict the deviation from the tri-bimaximal mixing of leptons. The relevant superpotential in the charged lepton sector is given at the next-to-leading order as 
By using this superpotential, we obtain the charged lepton mass matrix as 
where m µ and m τ are given in Eq. (C2) and ǫ ij 's are given as relevant linear combinations of a k a l 's. The explicit forms of ǫ ij 's are given by replacingȳ ∆ i /3 with −ȳ ∆ i inǭ ij , which are presented in Appendix B. The charged lepton is diagonalized by the left-handed mixing matrix U E and the righthanded one V E as
where M diag ℓ is a diagonal matrix. These mixing matrices can be written by 
where τ B is the lifetime of the B meson, and the loop functions are defined as G 1 (x) = 1 + 4x − 5x 2 + 4x log x + 2x 2 log x 2(x − 1) 4 ,
G 3 (x) = −1 + 9x + 9x 2 − 17x 3 + 18x 2 log x + 6x 3 log x 12(x − 1) 5 .
The chromo EDM of the strange quark is given by [163] 
where c is the QCD correction. We take c = 0.9. The functions N 1 (x) and N 2 (x) are given as follows:
N 2 (x) = − 10 + 9x − 18x 2 − x 3 + 3(1 + 6x + 3x 2 ) log x 3(x − 1) 6 .
Appendix E: µ → eγ, τ → eγ and τ → µγ
In the framework of SUSY, LFV effects originate from misalignment between fermion and sfermion mass eigenstates. Once non-vanishing off-diagonal elements of the slepton mass matrices are generated in the super-CKM basis, LFV rare decays like ℓ i → ℓ j γ are naturally induced by one-loop diagrams with the exchange of gauginos and sleptons. The decay ℓ i → ℓ j γ is described by the dipole operator and the corresponding amplitude reads [171, 172, [176] [177] [178] 
where p and q are momenta of the initial lepton ℓ i and of the photon, respectively, and A L,R are the two possible amplitudes in this process. The branching ratio of ℓ i → ℓ j γ can be written as follows:
In the mass insertion approximation, it is found that [166] 
where θ W is the weak mixing angle, x 1,2 = M and f i(c,n) (x, y) = f i(c,n) (x) − f i(c,n) (y). The loop functions f i 's are given explicitly as follows: f 2n (x) = −5x 2 + 4x + 1 + 2x(x + 2) log x 4(1 − x) 4 , f 3n (x) = 1 + 9x − 9x 2 − x 3 + 6x(x + 1) log x 3(1 − x) 5 , f 2c (x) = −x 2 − 4x + 5 + 2(2x + 1) log x 2(1 − x) 4 .
(E3)
Appendix F: Electron electric dipole moment
The mass insertion parameters also contribute to the electron EDM through one-loop exchange of binos/sleptons. The corresponding EDM is given as [166, 179, 180] d e e =− α 1 4π
where k, l = 2, 3, (δ , and the loop function f 4n is given as f 4n (x) = −3 − 44x + 36x 2 + 12x 3 − x 4 − 12x(3x + 2) log x 6(1 − x) 6 .
Since components (i, 3) and (3, i) of δ RR e are much larger compared to others in our model, dominant terms are given as
